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1.0 ABSTRACT

A test program was conducted in the NASA/Ames 40 by 80 Foot Wind Tunnel
to evaluate the effect of relative velocity on the jet noise signature of a
conical ejector, auxiliary inlet ejector, 32 spokes and 104 tube nozzle with
and without an accustically treated shroud. The freestream velocities in the
wind tunnel were varied from 0 to 103.6 m/sec (30b ft/sec) for exhaust jét
velocities of 259.1 m/sec (850 ft/sec) to 609.6 m/sec (2000 ft/sec). Reverber-
ation corrections for the wind tunnel were developed and the procedure is
explained.  In conjunction with wind tunnel testing the nozzles were also .
evaluated on an outdoor test stand. The wind tunnel.microphone‘arrays were -
~duplicated during the outdoor testing. The data were them extrapolated for
comparisoﬁs with data measured using a microphcone array placed on a 30.5 meter
(100 ft) arc. Using these data as a basis, farfield to nearfield arguments-
are presented with regards to the data measured in the wind tunnel, TFinally,
comparisons are presented between predictions made using existing methods and

the measured data.

The results of the study indicate that significant changes in the jet
noise signature can be measured in the freestream environment simulated by
using 2 wind tunnel. The magnitude of the change is a function of freestream
velocity, acoustic angle and jet velocity. The comparison of the static and
"wind on" aaté indicates that a complex suppressor such as the 104 tube nozzle

doces not become Ineffective in a relative velocity‘envirdnment.

- Finally, recommendations are made for techniques that could be used to

improve the wind tunnel for acoustic measurements.
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SUMMARY

A J85 turbojet engine was used for wind tunnel and outdoor testing of a
conical ejector, auxiliary inlet ejector (AIE), 32 spoke, 104 tube and 104
tube nozzle with an acoustically treated shroud. The objective of the program
was to evaluate the NASA/Ames 40 by 80 - Foot Wind Tunnel (12.2 x 24.4 meters)
as a fixed frame facility to be used for determining inflight effects.

To fulfill the program objective four test programs were conducted.

These test programs and the nozzles evaluated may be summarized as follows:

Isolated Nacelle Wind Tunnel Test - concical ejector, AIE

Wing/Nacelle Wind Tunnel Test - conical ejector, 104 tube
nozzle with and without
an acoustically treated

shroud

Outdoor Isolated Nacelle Static Test conlcal ejector, AIE, 32-spoke,’

| 104 tube nozzle with and

without an acoustically

1 treated shroud

Wing/Nacelle Outdoor Static Test - conical ejector, 104 tube
nozzle with and without

acoustically treated shroud

The difference between the wing/nacelle and isolated nacelle tests was that
the noise signature of the nozzles was evaluated in an installed mode during
the wing/nacelle test series. During the wind tunnel test programs, data were
measured on 4.2 and 5.5 meter (13.8*% and 18 ft) sidelines for jet wveloclties
ranging from 259.1 m/sec (850 ft/sec) through 609.6 m/sec (2000 ft/sec). The
simulated freestream velocities in the wind tunnel varied from zero to 103.6
m/sec (340 ft/sec). The tunnel background noise was measured for each simulated
freestream condition and the data were corrected for this effect. The wind
tunnel microphones arrays were duplicated during the outdoor static testing.
The outdoor and wind tunnel static data were then compared to determine a set
of wind tunnel reverberation corrections. Using these corrections, all wind
tunnel data were corrected for reverberation effects. Also during the

outdoor testing, data were measured on a 30.5 meter (100 ft) arc using micro-

phones at the source (engine) centerline height.

*In this report, this sideline will be referred to as a nominal 13 foot sideline.



ﬁsing this farfield data, comparisons are made with extrapolated nearfield
outdoor data (corrected for ground reflections) which were measured using the
simulated wind tunnel microphone arrays. The purpose of these comparisons was
to determine 1f the microphone arrays in the wind tunnel were in the farfield

or nearfield region.

The data were analyzed and presented on the basis of OAPWL, one-third
octave band PWL spectra, peak OASPL, OASPL and PNL directivity, and one-third
octave band SPL spectra. The results of the program indicate that substantial
reduction in the jet noise signature of conical ejector and complex SUppressor.
nozzles can be measured as the simulated freestream velocity in the wind tunnel
increases. The jet velocity at which this effect can be measured is a function
of nozzle type, freestream velocity, jet velocity and the proximity of the

microphone array to the noise source.

Analytical predictions are also made using existing techniques for the
conical ejector nozzle and 104 tube nozzle. These predictions were compared
to data on the basis of OAPWL, one-third octave band PWL spectra, and dne-third
octave band SPL spectra for the conical nozzle. The predictions for the 104
tube nozzle were done on the basis of peak OASPL, PNL and the peak one-third
octave band SPL spectra. In general, agreement between the measured and pre-

dicted results is good.



5.0 INTRODUCTION

Need for Technology

Cne of the critical technology areés that must be defined is the effect
of flight on the noise suppression characteristics of complex exhaust nozzle
systems. This technology is essential if the true noise signature of the
suppressor is to be determined in the actual environment that the suppressor

must function.

The conventional technique used to evaluate the inflight suppression
characteristics was to conduct flight testing using flying test beds. Un-
fortunately, this method has many inherent disadvantages if parametric studies
are to be conducted similar to the type dome during static testing. The
hardware required for flight testing is extremely expensive. The control of
the‘important variables such as aircraft speed, altitude, and exact_aircraft.

position relative to the microphone location is extremely difficult.

One technique that would enable the evaluation of scale model configura-
tions would be to use a wind tunnel to simulate freestream environment. This
system would eliminate several of the disadvantages inherent in flight testing.
It could be used to determine the change in the noise signature of the exhaust
jet due to the changes in the turbulent mixing process because of the free-
stream environment. Recognilzing the need to evaluate the wind tunmnel as a
test facility for forward speed effects, a test program was conducted in the

NASA Ames 40 by 80 - Foot Wind Tunnel (12.2 x 24.4 meters).

Purpose of the Program

The program cbjective was to evaluate the wind tunnel as a technique by
measuring the changes in the jet noise signature of a conical ejector, auxiliary
inlet ejector and 104 tube nozzle with and without an acoustically treated
shroud due to éhanges in freestream velocity in the 40 by 80 - Foot Wind Tunnel.

These measurements were conducted for a wide range of jet wvelocities.

" In addition to the wind tunnel testing, the test nozzles were also
evaluated statically outdoors and these data were then compared with static

data measured in the wind tunnel to determine the effects of reverberation

on the measured data.



For comparisons with the measured data, predictions were also made using

existing analytical and semi-empirical methods.

The purpose of this report is to document the results of the test program

and present the comparisons of the predicted and measured data.



6.0 DESCRIPTION OF ENGINE AND NOZZLE CONFIGURATIONS -

The Cenerai Electric J85 Engine was used in conjunction with the
five nozzles that were evaluated during the test program. The J85-13
was used for the iéolaCEd nacelle wind test series and the J85-5 was
used for the remaining tests. Presented on Figure 6.1 is a schematic
of the engiﬁe and a tabulation defining the number of blades in each: ‘
stage of the compressor and turbine. The engine stations for the J85

engine are defined on Figure 6.2.

Five nozzle configurations were used in conjunction with the J85

engine, ?Hese configurations were:
a. Conical ejector nozzle - Figﬁre 6.3
i 5. Auxiliary inlet ejector nozzle (AIE)‘ - Figure 6.4
c. 104 Elliptical tube nozzle - Figure 6.5

d. lOQ_Elliptical tube nozzle with an

acoustically treated shroud - Figure 6.6
e.. 32-Spoke area ratio - Figure 6.7

Each of the five engine nozzle configurations were tested in the isqlatéd
nacelle mode and the wing nacelle mode. The difference between the isolated
nacelle and wing nacelle installation is illustrated by comparing Figures 7.1

and 6.3, respectively.



FIGURE 6.1- CROSS SECTION OF J85 ENGINE
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2 Compressor Inlet

3 Compressor Outlet

3.1 Diffuser Inlet

4 Turbine Inlet

5 Turbine Outlet ‘ 7 .
5.1 Turbine Outlet - Average condition including cooling and leakage
6 Tailpipe Inlet - Upstream of afterburner

.7 Tailpipe Outlet - Jet nozzle inle

8 Jet Nozzle Throat '

9 Jet Nozzle Outlet

FIGURE 6.2 - ENGINE STATIONS FOR THE J85 ENGINE
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FIGURE 6.5 - 104_ELLIPTICALATUBE NOZZLE
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7.0 DESCRIPTION OF TEST SETUP
7.1 1Isolated Nacelle Wind Tunnel Test

The isclated nacelle wind tunnel test defined as test number 423-was 5
conducted with the J85-13 engine (No. .243-832). The test was conducted in the
40 by 80 - Foot Wind Tunnel. The engine centerline was positioned 6.0 méters
(19.8 feet) above the wind tunnel floor and laterally in line with the wind
tunnel centerline. Mounting of the engine on the test/thrust stand is-preséﬁted
on Figure 7-1. The two front struts provided the main support and a rear
str@t was used for stabilization. The rear strut alsoc was used to change engine
angle of attack. For static testing in the wind tunnel, a "roundéd 1ip" or
bellmouth inlet was used.. For "wind on" testing, a "sharp 1lip" or flight inlet

was used.

Prior to engine installation in the wind tunnel, a microphone reference
plgne was established normal to the tunnel flow and 4.3 meters (14 féet) aft
of the front 1lift wire. Using the interseétion'of the engine centerline and
the microphone reference plane as a focal point, two sideline nearfield micro-
phone arrays were established. Figure 7-2 defines each microphone location with
regard to microphone number. Presented on Figure 7-3 1s the acoustic angle and
acoustic path length for each microphone. All angles and distance identification
for each microphone are based on the engine inlet being defined as zeroc degrees
and the sound field focal point as being at the center of the exit plane of
the éxhaust‘nozzle. Since the height of the engine was different than estimated
6.0m vs. 5.8 m (19.8" vs. 20') and the exhaust plane of the conical nozzle was
12,7 em (five inches) forward of the reference plane, the microphone locations
were slightly different than originally planned. Alsc, the location of the
nozzle exit plane varied as a function of nozéle configuration. That is why
there are siight'differencES between the acoustic angles for each of the con-

figurations.

7.2 1Isclated Nacelle Qutdoor Static Test

The outdoor portion of the isolated nacelle test was designated Test A73
and was perfofmed using a J85-5 engine. The engine was mounted using a support
structure similar‘to that used in the wind tunnel test series. The enginelj
centerline height was 6.1 meters (20 feet) above ground level. A photograph

showing this test setup is presented on Figure 7-4.

13



The microphone arrays were positioned relative to a microphone reference
plane that was established 2.1 meters (7 feet) aft of the center of the front
support ball socket. This caused the exhaust plane of the conical nozzle to
"be identical to the microphone reference plane. As a result, there was a
slight diffference between the microphone arrays in the wind tunnel and those
that were used in the outdoor test, however, the maximum error was less than
two degrees and would have a negligible effect. The locations of the exhaust
planes of the other nozzles relative to the microphone reference plane are
defined on Figure 7.5. Also, defined on Flgure 7.5 are the locations of the
nearfield microphones relative to the microphone reference plane. Because the
exhaust plane of each of the five nozzles 1is different in relation to the micro-
phone reference plane, the acoustic path lengths are slightly different for
each configuration. However, this effect is extremely small. This conclusion
is supported by the tabulation of acoustic angle and path length for each con-

figuration presented on Figure 7.6.

The farfield microphone array consisted of twelve microphones that were
located on a 30.5 meter (100 foot) radius. The reference point for this radius
was the exit pléne of the conical nozzle. The microphones were located in a
horizontal plane through the engine centerline. Presented on Figure 7.7 is a

picture of the acoustic arena and a schematic defining the microphone locations.

7.3 Wing Nacelle Outdoor Static Test

The J85-5 engine was used for the wing/nacelle outdoor static test. This -
test was designated test B73. The engine was mounted under the right wing of
an aircraft model with the engine centerline 6.1 meters (20 feet) above the
ground and laterally 2.1 meters (82 inches) from the centerline of tﬁe aircraft
model. This installation is presented on Figure 7.8. The model was supported

with a triped structure similar to the isolated nacelle test.

The nearfield microphones were again established relative to a microphone
reference plane perpendicular tc the engine centerline and in the exhaust plane
of the conical ejector nozzle, All microphones were mounted in a horizontal

plane 1.8 meters (6 feet) above the ground. Figure 7.9 shows each microphone

14



location relative to the microphone reference plane. Defined on Figure 7.10
are the acoustic angle and path length for each microphone for all the config-

urations that were tested.

The farfield microphone array was again setup on a 30.5 meter (100 foot) .
radius refefenﬁed to the cenfer of the conical nozzle exit plane. The array
consisted of ten microphomes. The microphones were mounted in the horizontal
plane of the éngine centerline. The locations of these microphones are defined

on Figure 7.11.

7.4 -Wing/Nacelle Wind Tunnel Test

The wing/hacelle wind tunnel test was designated test number'428. This
test was conducted in the 40 by 80 - Foot Wind Tunnel using a J85-5 engine
mounted under the wing of an aircraft test model. This aircraft model was

identical to.the one used for the outdoor wing nacelle test series.

The model was supported by a tripod structure with the engine centerline
6.1 meters (19.9 feet) above the wind tumnel floor. A photograph of the instal-

lation is presented on Figure 7.12,

For static'teéting in the wind tunnel, a bellmouth inlet was used. Duriﬁg
the "wind on" testing, a flight inlet was used and the lower part of the engine
nacelle was replaced with a "bath tub" section, Figure 7.13, to allow cooling

air to flow in.the cavity between the engine and the nacelle.

The micropﬁone array was installed relative to a reference plane 7.6 meters
(24.8 feet) aft of the fronmt lift wire which coincided with the exhaust plane of
the conicallejector nozzle. A schematic of the microphone array is presented
on Figure 7.14. It should be noted that microphones one through seven and
fourteen were alternately staggered + 10.2 cm (4 Inches) on each side of the
engine centerline. This was to keep the downstream microphones from being
in the wake produced by the upstream microphones. The acoustic angles and -
path lengths for each of the nozzles evaluated during this phase of testing
are defined on Figure 7.15. The slight differences between each of the nozzles
are due to where the nozzle exhaust‘plane fell in relation to the microphone

reference plane.

15



104-TUBE SUPPRESSOR NOZZLE
 WITH ACOUSTICALLY TREATED
SHROUD
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FIGURE b A 1 - ISOLATED NACELLE INSTALLATION IN 40V X 80' WIND TUNNEL
(12.2m X 205 4m)'
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CONICAL NOZZLE ATE NOZZLE

ACOUSTIC ANGLE ACOUSTIC ACOUSTIC ANGLE ACQUSTIC
REF. ENGINE INLET  PATH LENGTH REF., ENGINE INLET _ PATH LENGTH
MIC NO. " (DEGREES) (FEET, METERS) (DEGREES) (FEET, METERS)
1 101.3 14,1, 4.3 99.6 14,0, 4.3
2 119.9 15.9, 4.8 118.5 15.7, 4.8
3 139.1 21,1, 6.4 | 138.3 20.7, 6.3
4 157.5 35.9, 10.9 157.2 35.5, 10.8
5 169.5 75.4, 23 169.4 75.0, 22.9
16 13.0 | 61.2, 18,7 12.9 61.6, 18.8
6 159.7 65.5, 20 159.6 65.1, 19.8
7 149.8 45,0, 13.8 149.5 44,7, 13,6
8 130.1- 29,6, 9 129.5 29,4, 9
9 120.3 26.3, 8 119.5 26.1, 8
10 110.4 24,2, 7.4 109.4 24,1, 7.3
11 ~101.0 23,1, 7 100.0 23,0, 7
12 81.0 23.0, 7 80.0 23.0, 7
13 61.3 25.8, 7.9 60.5 26.1, 8
14 41,0 34.6, 10.5 40.6 34.9, 10.6
15 30.8 44,3, 13,5 30.5 44,7, 13.6

FIGURE 7.3 - ISOLATED NACELLE WIND TUNNEL TEST
DEFINITION OF MICROPHONE LOCATION



BELLMOUTH
INLET

SUPPORT
STRUCTURE

® (30.5m)
100 FT. ARC
MICROPHONE ARRAY

\  DUPLICATED

! WIND 'TUNNEL
- MICROPHONE
ARRAY

- ISOLATED NACELLE INSTALIATIGN
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01

"0" = REFERENCE LINE THROUGH CENTER OF FRONT

SUPPORT BALL SOCKET
15 14 13 12 11 109 8 7 6
I -O— O —O -O LO———00C—0 O O
18" (5.5M) 1213" e ,
1 (3.7M) EXIT OF NOZZLE
- E—1—0-0—o0 -—0 -—o0
16 1 2 3 4 5
T ~~MICROPHONE
7' | - REFERENCE
(2.1M) PLANE
PLANE VIEW
ALL MIC HEIGHTS TO BE 6' FROM GROUND
(1.8M)
NOZZLE LENGTHS REFERENCE TO CONICAL NOZZLE
CONF IGURATION LENGTH
AIE 5 INCHES LONGER (12.7CM)
32 SPOKE 2.5 INCHES LONGER (6.4CM)
104 TUBE WITH SHROUD O INCHES LONGER
- 104 TUBE WITHOUT SHROUD 12 INCHES SHORTER (30.5CM)

FIGURE 7.5 - ISOLATED NACELLE QUTDOOR STATIC TEST _
‘ - DEFINITION OF NEARFIELD MICROPHONE LOCATIONS
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104-TUBE NOZZLE 104-TUBE NOZZLE

CONICAL NOZZLE = AIE NDZZILE o WITHOUT SHRGUD WITH SHROUD 32-SPOKE NOZZLE
ANGLE T ACOUSTIC ANGLE . ACOUSTIC ANGLE " ACOUSTIC ANGLE " AGOUSTIC ANCLE CACUATIC
(DEGREES ) - PATII (DEGREES ) PATH (DEGREES) -PATH (DEGREES } . PATH - {DEGREES ) FatH
MIC REF. 0° AT = LEKGTH _REF. 0° AT  LENGTH “"REF, 0° AT LENGTH REF. 0° AT -  LERGTH REF. D¢ AT © LELGTH.
NO. ENGINE INLET (FT.,METERS) 'ENGINE INLET. (#T,,METERS) ENGINE INLET (FT.,METERS) ENGINE INLET {FT,,METERS) ENGINE INLET (FT.,METERS)
1 9.6 16.0, 4.3 98,1  13.9, 4.2 10).6 14,2, 4.3 99.6 14,0, 4.3 ©  98.8  14.0, 4.3
2 118.5 15.7, 4.8 117.3 15.5, 4.7 121.6 | 16,2, 4.9 - 118.5 15.7, 4.8 17.9 . 15.6, 4.8
3 138.3 20.7, 6.3 137.6 20,5, 6,2 0.1 21,3, 6.6 138.3 20,7, 6.3 138.0. 20.6, 6.3
4 157.2 35,5, 10.8° 156.9 35.2, 10,7 157.8 36,5, 11,1 157.2 35,5, 10.8 157.0 35.3, 10.8
.5 169 .4 5.0, 22,9 ~ 169.3 ©74.7, 22.8 169,5 76.0, 23,2 169.4 75.0, 22.9 169.4% 74.8, 228
16 12.9 61.6, 18.8 12.9 61.9, 18.9 12.2 60.6, 18.5 12.9 61.6, 18.8 12.9 61.8, 15.5
6 159.6 85.1, 19,8 159.5 64,7, 19.7 159.9 66.0, 20.1 159.6 65,1, 19.8 158.5 64,9, 19.8
7 149.5 4.7, 13.6 149,3 46,4, 13,5 150.1 45.6, 13,9, 149.5 44,7, 13.6 149.4 44,5, 13.6
8 129.5 29.4, 9.0 128.9 29.1, 8.9 130.9 30.0, 9.1 129.5 79,4, 9.0 Co129.1 29,2, 8.9
9 119.5 26,1, 8.0 118.8 25.9, 7.9 121.4 26.6, 8.1 119.5 26.1, 8,0 119.1 25.9. 7.9
10 109.4 24.1, 7.3 108.6 99.1, 30.2 111.6 24,4, T.4 109.4 24,1, 7.3 109.0  24.0, 7.3
11 100.0 23.0, 7.0 99.1 23.0, 7.0 102.4 23.2, 7.1 100.0 23,0, 7.0 99.5 - 23,0, 7.0
12 80.0 23.0, 7.0 79.1 . 23,1, 7.0 82,5 22.9, 7.0 80.0 23,0, 7.0 79.5 23.1, 7.0
13 60,5 26.1, 8.0 59.8 26.2, 8.0 62.4 25.6, 7.8 60.5 26,1, 8,0 60.1 26.2. 8.0
14 40,6 34,9, 10.6 40,2 35.2, 10.7 "41.6 34.1, 10.4 40.6 34,9, 10,6 40.3 34,8, 10.4
15 30.5 44.7, 13,6 L 30.2 45,0, 13.7 k) - 43.8, 13,4 30.5 44,7, 13.6 30.4 44.9, 13,7

FIGURE 7.6 - ISOLATED NACELLE OUTDOOR STATIC TEST -
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FIGURE 7.7 - ISOLATED NACELLE OUTDOOR STATIC TEST
DEFINITION OF FARFIELD MICROPHONE LOCATIONS
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l MICS 6' ABOVE GROUND

| ENGINE CENTERLINE
o) | - 20' ABOVE GROUND
11 10 98] 7 6 5 4 3 2 1 /(6.1M)
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~———REFERENCE
LINE

'FIGURE 7.9 - NEARFIELD MICROPHONE LOCATIONS
WING/NACELLE OUTDOOR STATIC TEST
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, ‘ . ' T 104-TUBE NGZZLE ~ 104-TUBE NOZZLE
CONICAL NOZZLE - 32-SPOKE NOZZLE © o WLTHOUT SHROUD ‘ .. WITH SHROUD

ANGLE - ACOUSTIC ANGLE ACOUSTIC . ANGLE ACOUSTIC . ANGLE ACOUSTIC
(DEGREES) PATH {DEGREES) PATH (DEGREES) " PATH {DEGREES) PATH

MIC REF. 0° AT LENGTH REF, 0° AT LENGTH REF. 0° AT JENGTH REF. 0 AT LENGTH
¥O. ENGINE INLET (FT.,METERS) ENGINE INLET (FT.,METERS) ENGINE INLET (FT.,METERS) ENCINE INLET (FT.,METERS)
1 161.3 43.6, 13,3 161.2 43.4, 13. 2 . 1617 44.6, 13.6 161.3 43.6, 13.3
2 156.8  35.6, 10,9  159.4 9.8, 12,1 160,0 40,9, 12.5 159.5 39.9, 12.2
3 145.9 25.0, 7.6 145.6 ‘24,8, 7.6 147.1 25.8, 7.9 145.9 25.0, 7.6
4 137.9 20.9, 6.4 125.9 17.3, 5.3 129.0 18.0, 5.5 T 126.4 17.4, 5.3
5 126.4 17.4, 5.3 121.1 16.4, 5.0 124.6 17.0, 5.2 121.8 16,5, 5.0
6 110,3 14,9, 4.5 109.5 14,8, 4.5 © 113.8 15.3, 4.7 110.3 14.9, 4.5
7 100.5 14.2, 4.3 99.6 14.2, 4,3 104.4 14.5, 4.4 100.5 16.2, 4.3
8 90.0 14.0, 4.3 89.1 14,0, 4.3 94,1 14,0, 4.3 90.0 14,0, 4.3
9 79.5 14.2, 4.3 78.7 14,3, 4.4 83.5 14,1, 4.3 79.5 14.2, 4.3
10 69.7 - 14.9, 4.5 69.0 15.0, 4.6 73.4 14,6, 4.6 - 69.7  14.9, 4.5
11 53.6 17.4, 5.3 53.0 17.5, 5.3 56.3 16.8, 51 ' 53.6 17.4, 5.3
12

90,0 15.6, 4.8 89.2 15,6, 4.8 93,7 15,6, 4.8 90,0 15.6, 4.8

FIGURE 7.10 - WING/NACELLE OUTDOOR TEST
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20" (6.1M) HEIGHT
MIC No's. 1-10

EXHAUST CENTERLINE

AIRPLANE ¢ e
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«—ENGINE EXIT PLANE

' 12

MODEL HEIGHT = 19'10-7/8" (6M)
AT ENGINE CENTERLINE

NOTE MICS 1 TO 7 AND 14

DISPLACED 4" IN DIRECTION
OF ARROW (10,2CM)

FIGURE 7.14 - DEFINITION OF MICROPHONE LOCATIONS

WING/NACELLE WIND TUNNEL TEST
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104-TUBE MOZZLE

104-TUBE NOZZLE .

CONICAL NOZZLE AIE NOZZLE WLITIOUT SHROUD WITH SHROUD 32-SPOKE NOZZLE

ANGLE ACOUSTIC ANGLE ACOUSTIC ANGLE ACOUSTIC ANGLE ACOUSTIC ANGLE ACOUSTIC
e SOk R SRR ano o goe,  mE o ofies  CBRC oihn  RE
NO, EXGINE INLET (FT, ,METERS) ENGINE INLET (FT.,METERS) ENGINE INLET (FT.,METERS) ENGINE INLET (FT.,METERS)  pnoIre tiLer  (FT.,METERS)
1 161.4 43,6, 13,3 161.2 43,3, 13.2 161.8 44,6, 13,6 L61.4 43.6, 13,3 161.2 43,4, 13,2
2 146,1 24,9, 7.6 145.6 24,6, 7.5 147.3 25.7, 7.8 146.1 24,9, 7.6 145.8 24,7, 7.5
3 135.0 19.7, 6.0 134.2 19.4, 5.9 137.0 20.4, 6,2 135.0 19.7, 6.0 134.6 19.5, 5.9
4 126.6 17.3, 5.3 125.6 17.1, 5.2 129.2 17.9, 5.5 126.6 17,3, 5.3 126.0 17.2, 5.2
5 110.4 14.8, 4.5 109.0 14.7, 4.5 113.9 15.2, 4.6 110.4 14.8, 4.5 109.6 14.8, 4.5
6 100.5 14,2, 4.3 99,0 14.1, 4.3 104.5 4.4, 4.3 100.5 14,2, 4,3 99,7 l4,1, 4.3
7 30.0 13,9, 4.2 88.5 13.9, 4,2 - 94,1 14,0, 4.3 50,0 13,9, 4.2 89.1 13.9, 4.2
8 69.6 14,8, 4,5 68,3 15.0, 4,6 71,3 14,5, 4.4 69.6 4.8, 4.5 68.9 14.9, 4.5
9 i19.4 20,4, 6.2 118.5 20,2, 6.2 121.8 26.9, 6.4 119.4 20.4, 6,2 118.9 20,2, 6.2
10 126,.8 22,1, 6.7 126,0 21.9, 6.7 128.8 22.7, 6.9 126.8 22,1, 6.7 126.3 22.0, 6.7
1 140,2 27.7, 8.4 139.7 27.4, 8.4 141.4 . 28,4, 8,7 140,2 27.7, 8.4 139.9 27.5, 8.4
12 149 .4 34,9, 10.6 1491 34.5, 10,5 150,72 35,7, 10.9 149,4 34,9, 10.6 149.2 34.7, 10.6

FIGURE 7,15 - WING/NACELLE WIND TUNNEL TEST



8.0 ACQUSTIC DATA ACQUISITION, CALIBRATION AND PROCESSING

The acoustic data acquisition system for both the wind tunnel and outdoor

tests consisted of the following components:
.0 Bruel-Kjaer microphones
o Bruel-Kjaer signal conditioning and power supply

o Two Ampex FR1300A 14 track tape recorder operating

at 76 cm (30 inches) a second with a center frequency of 54 KHz,
A schematic of the systeh is presented on Figure 8.1.

All wind tunnel microphone arrays and duplicated wind tunmel arrays for
outdoor testing were fitted with a Bruel-Kjaer nose cone model 0052E. Thé
microphone was oriented to point directly into the tunnel flow. During the
outdoor testing, the farfield microphones were fitted with the Bruel-Kjaer

UAO207 wind screen and oriented to point at the noise source.

The free field frequency response of each microphdne head was taken from
a pressure re